In this paper a general solution for the dynamic analysis of plates stiffened by arbitrarily placed parallel beams of arbitrary cross section subjected to an arbitrary dynamic loading is presented. According to the proposed model, the stiffening beams are isolated from the plate by sections in the lower outer surface of the plate, taking into account the arising tractions in all directions at the fictitious interfaces. The aforementioned integrated tractions result in the loading of the beams as well as the additional loading of the plate. Their distribution is established by applying continuity conditions in all directions at the interfaces. The analysis of both the plate and the beams is accomplished on their deformed shape taking into account second-order effects. The method of analysis is based on the capability to establish a flexibility matrix with respect to a set of nodal mass points, while a lumped mass matrix is constructed from the tributary mass areas to these mass points. Both free and forced damped or undamped transverse vibrations are considered and numerical examples with great practical interest are presented. The discrepancy in the obtained eigenfrequencies using the presented analysis (which approximates better the actual response of the platebeams system since it permits the evaluation of the shear forces at the interfaces in both directions) and the corresponding ones ignoring the inplane forces and deformations justify the analysis based on the proposed model.
Introduction
Structural plate systems stiffened by beams are widely used in buildings, bridges, ships, aircrafts and machines. In this paper a general solution for the analysis of plates stiffened by arbitrarily placed parallel beams is presented. The adopted structural model is a refined one of that proposed by Sapountzakis and Katsikadelis in [1] . Six boundary value problems with respect to the plate transverse deflection, to the plate inplane displacement components, to the beam transverse deflections, to the beam axial deformation and to the beam nonuniform angle of twist are formulated and solved using the Analog Equation Method (AEM) [2] , a BEM based method. The essential features and novel aspects of the present formulation compared with previous ones are summarized as follows.
i. The stiffened plate is subjected to an arbitrary dynamic loading, while both the number and the placement of the parallel stiffening beams are also arbitrary (eccentric beams are also included). ii. The influence of the transverse traction component at plate-beams interfaces is taken into account. A nonuniform variation of the distribution of the transverse shear interface force is taken into account by applying compatibility equations on points in the transverse direction. Thus, the adopted model permits the evaluation of the shear connectors in both directions. iii. Displacement continuity conditions at the interfaces are applied along all three axes of the coordinate system, leading to the formulation of a system of equations involving two nonlinear functions, namely the longitudinal and transverse inplane shear forces at the interfaces. iv. The eccentricities of both the centroid and the shear center axes with respect to the midline of the plate -beam interface are also included. v. The nonuniform torsion in which the stiffening beams are subjected is taken into account by solving the corresponding problem and by comprehending the arising twisting and warping in the corresponding displacement continuity conditions. vi. Terms arising from the internal variable axial loading of both the plate and the beams coming from the longitudinal and transverse inplane shear forces at the interfaces are taken into account. vii. Damping resistance is also included. The solution of the problem at hand is approached by a refined model of that proposed by Sapountzakis and Katsikadelis in [1] . According to this model, the stiffening beams are isolated from the plate by sections in the lower outer surface of the plate, taking into account the arising tractions at the fictitious interfaces ( On the basis of the above considerations the response of the plate and of the beams may be described by the following initial boundary value problems. 
Statement of the problem
the corresponding boundary conditions as
and the initial conditions as
is the time dependent transverse deflection of the plate; ( ) In all the aforementioned equations the values of all the eccentricities 
Solution procedure
The numerical solution of the aforementioned problem is achieved employing the method presented by Katsikadelis and Kandilas [3] . According to this method the domain Ω occupied by the plate is discretized by establishing a system of M nodal points on it, corresponding to M mass cells, to which masses are assigned according to the lumped mass assumption. Subsequently, the stiffness matrix, the damping matrix as well as the load vector with respect to these nodal points are established employing the Analog Equation Method 
Numerical examples
A rectangular plate stiffened by an eccentrically placed rectangular beam as shown in Fig.3 has been studied. In Table 1 the first four eigenfrequencies taking into account or ignoring the interface forces are presented as compared with those obtained from FEM solutions. 
